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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the arithmetic 
errors of a nonlinear distortion correction amount and 
to improve a distortion compensation effect by comparing 
preamble demodulation data near a maximum amplitude 
value with preamble signals. 

SOLUTION: A part of transmission output signals 
outputted from an antenna 7 is attenuated in an 
attenuator 8 and then, fed back to a reception part by a 
switch 9. The signals are demodulated in a demodulator 
10 and converted into digital data signals by an A/D 
converter 11. Among them, for the preamble 
demodulation data, respective amplitude values are 
compared and the maximum amplitude value is detected. 
The plural pieces of the preamble demodulation data with 
the maximum amplitude value as a center are tentatively 
stored in a maximum value reception memory 20. Then, 
the delay amount of demodulation data signals is 
corrected by outputting the preamble demodulation data 
near the maximum amplitude value stored in the 
maximum value reception memory 20 through a delay 
correction device 15, comparing them with the preamble 
signals on a transmission side (near the maximum 
amplitude) in a delay detection circuit 17 and 



controlling the delay amount 
device 15 by the error signals. 
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Claims 

1. A type of wireless equipment characterized by the following facts: 
the wireless equipment has a modulator that performs the prescribed modulation 
processing for the transmission data signal, a transmission amplifier that amplifies the output 
signal of said modulator at a prescribed amplification rate, a compensating means that 
compensates for the nonlinear distortion of said transmission amplifier by applying a prescribed 
distortion in said transmission data signal, a demodulator that has a portion of the output of said 
transmission amplifier input to it and performs the prescribed demodulation processing, and an 
arithmetic operation means that compares the demodulation data signal and said transmission 
data signal and computes the distortion amount to be compensated with said compensating 
means; 

the wireless equipment has a detecting means that fetches said demodulation data signal 
in a prescribed period and detects the maximum amplitude of said demodulation data signal, and 
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a maximum value reception memory that stores a prescribed number of demodulation data 
signals around the demodulation data with the detected maximum value. 

2. The wireless equipment described in Claim 1 characterized by the fact that the TDMA 
system is adopted as the multiple access system between plural wireless equipment. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

This invention pertains to improvement of wireless equipment characterized by the fact 
that it has a predistorter type nonlinear compensator that compensates for the nonlinear distortion 
of the transmission amplifier by applying distortion to the modulation input signal beforehand, 
and determines the compensation amount by comparing the demodulation signal obtained by 
demodulation of the output of the transmission amplifier with said modulation input signal. 

[0002] 
Prior art 

Usually, for a digitalized wireless equipment for mobile communication, when QPSK, 
multi-value QAM or other linear modulation system is adopted, the nonlinear distortion of the 
transmission amplifier causes widening of the transmission spectrum and interference of the 
adjacent channels as noise power. Consequently, it is necessary to perform linear compensation 
for the transmission amplifier. In the transmission unit of the conventional wireless equipment, 
as a measure to solve the aforementioned problem, the so-called predistorter scheme is adopted. 
In this predistorter scheme, a certain distortion is applied on the input signal to the transmission 
amplifier beforehand so that the distortion is canceled in the output section of the transmission 
amplifier. In this case, for example, as described in 

^Linear Amplification Technique for Digit 
al W>bi lefoinauni cations j 012379- 1/S9/0000/01 59 19 
89 IEEE PP.159 

a close loop control scheme is usually adopted. In this scheme, a demodulator is set in the 
transmission unit, or the reception unit is used to demodulate a portion of the output signal of the 
transmission amplifier, and the obtained feedback signal is compared with the modulation input 
signal, and, from the comparison result, the distortion correction amount is determined for 
compensation. 
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[0003] 

Figure 2 is a diagram illustrating an example of the wireless equipment using said 
conventional compensation system. In the example of the communication system presented for 
explanation, a preamble signal for variation in the amplitude shown in Figure 3 is transmitted for 
each frame before the data signal as shown in Figure 4, and, at the same time, the idle time of 
transmission (when connection is made to another channel) is used to perform the arithmetic 
operation processing for distortion correction and delay correction. As shown in Figure 2, in the 
transmission unit, when the modulation input signal (transmission data signal) is input to input 
terminal (1), multiplier (2) is used to multiply it with the distortion correction value from 
distortion correction value storage memory (13), followed by conversion to an analog signal with 
D/A converter (3). Then, a prescribed modulation processing is performed with modulator (4), 
and the signal is amplified to a prescribed power level with transmission amplifier (5), followed 
by output through branching filter (6) and output form antenna (7). A portion of the transmission 
modulation wave signal is attenuated with attenuator (8), and is then fed back through switch (9) 
to the reception unit. The signal fed back to the reception unit is demodulated with demodulator 
(10), and is converted to a digital signal with A/D converter (11). The signal is then stored in 
reception memory (16). Correction pertaining to the time delay of the demodulation data signal 
is performed as follows. For the preamble signal, the demodulation data signal is output from 
reception memory (16) through delay corrector (15), and it is compared with the preamble signal 
on the transmission side with delay detector (17). By means of the obtained error signal, the 
delay correction amount of said delay corrector (15) is controlled. 

[0004] 

Then, the preamble demodulation data signal with delay amount corrected with respect to 
the transmission preamble signal is compared with the transmission preamble signal by 
comparison/distortion correction value computing circuit (12) to compute the distortion 
correction value of the nonlinear distortion of transmission amplifier (5). Then, the computed 
distortion correction value is used to determine the distortion correction values corresponding to 
the amplitude values of all of the transmission data signals. In distortion correction value storage 
memory (13), the various distortion correction values are written in the various addresses 
computed with memory address computing circuit (14). Then, as the transmission data signal of 
the next frame is input to input terminal (1), the distortion correction value corresponding to the 
amplitude of the transmission data signal is read from distortion correction storage memory (13), 
and is multiplied with the transmission data signal. As a result, for the transmission data signal, 
correction is performed so that the nonlinear distortion of transmission amplifier (5) is canceled. 
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[0005] 

Problems to be solved by the invention 

In said prior art, the constitution is such that the demodulation data signal is fetched from 
the transmission state time of the preamble signal. As a result, the threshold level for signal 
detection in delay detection circuit (17) is set at a low level near the rise of the preamble signal. 
Consequently, when a noise is overlapped, the detection timing of delay detection deviates. As a 
result, a signal error takes place in the detected delay amount. The purpose of this invention is to 
solve the aforementioned problems of the conventional methods by providing a type of wireless 
equipment characterized by the fact that even when a signal noise is overlapped, it is still 
possible to suppress the detection error of the delay amount of the demodulation signal and to 
significantly improve the precision of the nonlinear compensation of the transmission amplifier. 

[0006] 

Means for solving the problems 

In order to realize the aforementioned purpose, this invention provides a type of wireless 
equipment characterized by the following facts: the wireless equipment has a detecting means 
that fetches said demodulation data signal in a prescribed period and detects the maximum 
amplitude of said demodulation data signal, and a maximum value reception memory that stores 
a prescribed number of demodulation data signals around the demodulation data with the 
detected maximum value; the constitution is such that among the preamble demodulation data, 
for the demodulation data near the maximum amplitude value, delay detection is performed for 
the transmission preamble signal. As a result, the influence of the noise hardly takes effect, and 
error of the detected delay amount can be minimized. 

[0007] 

Embodiment of the invention 

In the following, an application example of this invention will be explained with 
reference to Figures 1, 3 and 4. Just as in the aforementioned example of the prior art, in the 
example of explanation, the communication system is as follows: a preamble signal for variation 
in the amplitude shown in Figure 3 is transmitted for each frame before the data signal as shown 
in Figure 4, and, at the same time, the idle time of transmission (when connection is made to 
another channel) is used to perform the arithmetic operation processing for distortion correction 
and delay correction. 
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[0008] 

As shown in Figure 1, the transmitted preamble signal and data signal are input to input 
terminal (1), and multiplier (2) is used to multiply the signal with the distortion correction value 
from distortion correction value storage memory (13), followed by conversion to an analog 
signal with D/A converter (3). Then, a prescribed modulation processing, such as multi-value 
QAM, or the like, is performed with modulator (4), and the signal is amplified to a prescribed 
power level with transmission amplifier (5), followed by output through branching filter (6) and 
output from antenna (7). A portion of the transmission output signal is attenuated with attenuator 
(8), and is then fed back through switch (9) to the reception unit. 

[0009] 

The signal fed back to the reception unit is demodulated with demodulator (10), and is 
converted to a digital signal with A/D converter (11). In the signal, the preamble demodulation 
data obtained by demodulation of the preamble signal is sent to maximum amplitude detection 
unit (21), and it is fetched and stored temporarily in a register. For the fetched preamble 
demodulation data, the various amplitude values are compared with each other, and the 
maximum amplitude value is detected. Then, around the preamble demodulation data of the 
detected maximum amplitude value, the preamble demodulation data contained in the data 
around it is extracted, and it is fed to maximum value reception memory (20) composed of, say, 
shift register or the like. The plurality (say, 3) of preamble demodulation data around the 
maximum amplitude value are stored in maximum value reception memory (20). 

[0010] 

Correction of the delay amount of the demodulation data signal is carried out as follows: 
the preamble demodulation data near the maximum amplitude value stored in said maximum 
value reception memory (20) is output through delay correction unit (15), and is compared with 
the preamble signal on the transmission side (near the maximum amplitude value) with delay 
detection circuit (17). The obtained error signal is used to control the delay amount of delay 
correction unit (15). Consequently, even when a noise is overlapped, because the maximum 
amplitude level of the preamble signal is set at a value much higher than the noise level, 
compared with the prior art, it is possible to set the signal detection threshold level in delay 
detection circuit (17) on a much higher value. Consequently, it is possible to significantly reduce 
the deviation of the detection timing of detection of the delay amount, and it is possible to 
perform high precision detection and correction for the delay amount of the demodulation signal. 
In this way, with comparison/distortion correction value computing circuit (12), the preamble 
demodulation data, for which the delay amount is corrected at a high precision, is compared with 
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the transmission preamble signal, and, from the difference signal, the distortion correction value 
of transmission amplifier (5) is computed. Then, the computed distortion correction is used to 
determine the distortion correction values corresponding to the amplitude values of all of the 
transmission data signals. Then, the distortion correction values are written in the addresses 
computed with memory address computing circuit (14), respectively. 

[0011] 

As shown in Figure 4, for example, when the TDMA system is adopted as the multiple 
access system between the wireless stations, at the next transmission frame timing, as the 
transmission data signal is input to input terminal (1), the distortion correction value 
corresponding to the amplitude value of the transmission data signal is read from distortion 
correction storage memory (13), and it is multiplied to the transmission data signal. As a result, 
for the transmission data signal, the nonlinear distortion of transmission amplifier (5) is canceled 
and compensated, so that the nonlinear distortion of transmission amplifier (5) can be corrected 
in an adaptive way. Also, this invention is not limited to said the TDMA system. It also can be 
adopted when the FDMA system or the CDMA system is adopted as the multiple access system 
in the communication system in which the preamble and the reference signal corresponding to 
the preamble signal is transmitted periodically. Consequently, the application range of this 
invention is wide. 

[0012] 

Effects of the invention 

This invention has a constitution in which the maximum amplitude of the preamble 
demodulation data is detected, the preamble demodulation data near the maximum amplitude is 
stored and it is compared with the transmission preamble signal. Consequently, when the delay 
amount of the demodulation data is detected, the deviation in the detection timing due to the 
peripheral noise, etc. can be reduced significantly. As a result, the detection error of the delay 
amount, and thus the computing error of the nonlinear distortion correction amount, can be 
reduced significantly. Consequently, the effect in distortion compensation can be significantly 
improved. 

Brief description of the figures 

Figure 1 is a block diagram illustrating an application example of this invention. 

Figure 2 is a block diagram illustrating an example of the constitution of the wireless 
equipment in the prior art. 

Figure 3 is a diagram illustrating an example of the transmission preamble signal. 
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Figure 4 is a diagram illustrating an example of the TDMA transmission slot. 
Brief description of part numbers 
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